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“This information is preliminary and is subject to revision. It is being provided 

to meet the need for timely best science. The information is provided on the 

condition that neither the U.S. Geological Survey nor the U.S. Government 

may be held liable for any damages resulting from the authorized or 

unauthorized use of the information.” 



Outline of Meeting 

• Project goals, products, timeline 

• Review of project products 

• Numerical modeling – final scenarios 

– Calibration to baseline condition 

– Coastal discharge 

– Drought condition (driest 5-year period) 

– Future pumping scenarios 
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Study Objectives 

• Obtain a better understanding of the regional 
groundwater flow system in northern Guam 

• Update estimates of groundwater recharge for the 
entire island 

• Estimate effects of selected withdrawal scenarios 
within northern Guam, using a numerical 
groundwater flow and transport model, on water 
levels and the transition zone between freshwater 
and saltwater 
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Study Approach 

1. Compile, review, and analyze existing data 

2. Collect additional groundwater data in northern Guam 

3. Develop daily water budget to estimate groundwater 
recharge rates 

4. Develop numerical groundwater flow and salinity 
model for northern Guam 
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Timelines 
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Outline of Meeting 

• Project goals, products, timeline 

• Review of products from study 

• Numerical modeling – final scenarios 

– Calibration to baseline condition 

– Coastal discharge 

– Drought condition (driest 5-year period) 

– Future pumping scenarios 
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Project Products 

• Study overview – USGS Fact Sheet 

• Water budget – USGS SIR 

• Hydraulic characteristics – Hydrogeology Journal 

• Well database – WERI Tech Report (in prep) 

• Volcanic basement map – WERI Tech Report (in 
prep) 

• Groundwater Availability/Model – USGS SIR (in 
prep) 
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Published Reports 
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Study overview  

USGS Fact Sheet 

 

Water budget 

USGS SIR 

 

Aquifer characteristics 

Hydrogeology Journal 

 



Reports in preparation 
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Well database 

WERI Tech Report 

 

Volcanic basement 

WERI Tech Report 

Groundwater availability 

USGS SIR 

 



Outline of Meeting 

• Project goals, products, timeline 

• Review of project products 

• Numerical modeling – final scenarios 

– Calibration to baseline condition 

– Coastal discharge 

– Drought condition (driest 5-year period) 

– Future pumping scenarios 
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Model Calibration-Baseline Condition 

• Hydrologic conditions 

– Long-term average recharge (1961-2005 rainfall; 
2004 land cover) 

– 2010 pumping rates 

 

• Calibration targets 

– Average 2010 water levels and tidal fluctuations 

– December 2009 salinity profiles 
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Observed and Simulated Water Levels 
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Observed and Simulated Water Levels 
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Observed and Modeled Salinity Profiles 

EX-1 EX-4 EX-7 EX-8 

EX-8 

EX-7 

EX-1 

EX-4 
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Drought Condition 

• Hydrologic conditions 

– Driest 5-yr period (31% reduction in recharge) 

• 1969-73 rainfall 

• 2004 land cover 

– 2010 pumping rates 

• Results after 5 years of pumping at steady 
rates 
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Current pumping 
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Drought Condition 

Drought Average 



Drought Condition- 
Reduced Withdrawal 

• Hydrologic conditions 

– Driest 5-yr period (31% reduction in recharge) 

• 1969-73 rainfall 

• 2004 land cover 

– Reduced pumping rates to eliminate threatened 
wells 

• Results after 5 years of pumping at steady 
rates 
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Current pumping 
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Outline of Meeting 

• Project goals, products, timeline 

• Review of project products 

• Numerical modeling – final scenarios 

– Calibration to baseline condition 

– Coastal discharge 

– Drought condition (driest 5-year period) 

– Future pumping scenarios 
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Future Scenarios 

1. Expected growth with no USMC buildup  

2. Expected growth plus USMC buildup 

3. Expected growth plus redistributed USMC buildup 

4. Redistributed USMC buildup w/drought 

5. Scenario 3 with redistributed GWA 
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Scenario 1 
Expected Growth with No USMC buildup 

• Hydrologic conditions 

– Average long-term recharge 

– 2010-11 pumping rates (GWA, DoD, private wells) 

– GWA 3 new wells (AG10, Site 08, Site 12) 

• Additional 1.2 Mgal/d 

– GWA Yigo-Tumon wells 

• Additional 2.27 Mgal/d 

– Air Force 10 existing wells (AF01–05, MW05–09) 

• Additional 0.97 Mgal/d 
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Current pumping 
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Scenario 2 
Scenario 1 plus USMC buildup 

• Hydrologic conditions 

– Average long-term recharge 

– 2010-11 pumping rates (GWA, DoD, private wells) 

– GWA 3 new wells (AG10, Site 08, Site 12) 

• Additional 1.2 Mgal/d 

– GWA Yigo-Tumon wells 

• Additional 2.27 Mgal/d 

– Air Force 10 existing wells (AF01–05, MW05–09) 

• Additional 0.97 Mgal/d 

– USMC Tumon well - 0.28 Mgal/d  

– USMC new wells - 1.79 Mgal/d in Agafo Gumas 
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Current pumping 
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Scenario 3 
USMC buildup (redistributed) 

• Hydrologic conditions 

– Average long-term recharge 

– 2010-11 pumping rates (GWA, DoD, private wells) 

– GWA 3 new wells (AG10, Site 08, Site 12) 

• Additional 1.2 Mgal/d 

– GWA Yigo-Tumon wells 

• Additional 2.27 Mgal/d 

– Air Force 10 existing wells (AF01–05, MW05–09) 

• Additional 0.97 Mgal/d 

– USMC Tumon well - 0.8 Mgal/d (DoD:GWA; 50:50 split) 

– USMC new wells - 1.79 Mgal/d in Agafo Gumas and Andersen 
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Current pumping 
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Scenario 4  
Redistributed USMC buildup w/Drought 

• Hydrologic conditions 

– 1969-73 drought recharge 

– 2010-11 pumping rates (GWA, DoD, private wells) 

– GWA 3 new wells (AG10, Site 08, Site 12) 

• Additional 1.2 Mgal/d 

– GWA Yigo-Tumon wells 

• Additional 2.27 Mgal/d 

– Air Force 10 existing wells (AF01–05, MW05–09) 

• Additional 0.97 Mgal/d 

– USMC Tumon well - 0.8 Mgal/d (DoD:GWA; 50:50 split) 

– USMC new wells - 1.79 Mgal/d in Agafo Gumas and Andersen 
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Current pumping 
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Scenario 5  
Scenario 3 with Redistributed DoD and GWA 

• Hydrologic conditions 

– Average long-term recharge 

– 2010-11 pumping rates (GWA, DoD, private wells) 

– GWA 3 new wells (AG10, Site 08, Site 12) 

• Additional 1.2 Mgal/d 

– GWA Yigo-Tumon wells 

• Additional 2.27 Mgal/d 

– Air Force 10 existing wells (AF01–05, MW05–09) 

• Additional 0.97 Mgal/d 

– USMC Tumon well - 0.8 Mgal/d (DoD:GWA; 50:50 split) 

– USMC new wells - 1.79 Mgal/d in Agafo Gumas and Andersen 
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Current pumping 
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Modeling Implications 

• Basins cannot be managed independently; for example, 
withdrawal from Agafo Gumas causes salinity increase in 
Finegayan 

• Impact to GWA and DoD groundwater sources, in Mgal/d: 
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Condition Total Threatened Cautionary 

Baseline 40.3 2.2 4.2 

Drought 40.3 11.4 17.8 

Drought-minimized 31.9 0.0 18.8 

Scenario 1 44.9 2.6 3.7 

Scenario 2 47.0 2.5 4.6 

Scenario 3 46.7 2.2 4.1 

Scenario 4 46.7 12.3 19.6 

Scenario 5 46.5 0.0 5.1 



Next Steps 

• Groundwater-Availability Study 

– Technical stakeholder meeting on Guam –  September 2013 

– Publish final report – December 31, 2013 

• Topics for consideration by DoD and GovGuam 

– New deep monitor wells and expanded monitoring 

– Groundwater modeling training 

• Plans for DoD Strategic Environmental Research 
Development Program (SERDP) study of climate-
change impacts on water resources in Guam 
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